secondary metabolite that acts as a feeding deterrent that inhibits the growth of 78 microorganisms and is toxic to larvae and adults of potential herbivores (Lemée et al. 1996, 79 Ricci et al. 1999 ). This chemical deterrence and the consequential lower palability has been 80 often considered one of the main causes for Caulerpa species invasion success (Sant et al. 81 1996) . However, recent studies suggest that Mediterranean herbivores have evolved the 82 capability to tolerate this secondary metabolite (Cornell & Hawkins, 2003) , allowing them to 83 consume large quantities of Caulerpa spp Tomas et al. 2011a,b, Marco-84 Méndez et al. 2015). Since fish generally have higher mobility and greater consumption rates 85 than invertebrate herbivores, they have been hypothesized to be able to limit the spread of 86 introduced algae (e.g. Weijerman et al. 2008 , Vermeij et al. 2009 ). According to this, fish 87 herbivory pressure on Caulerpa species could eventually benefit seagrass species by reducing M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 5 the proliferation of these species and their negative impact on the dynamics of Mediterranean 89 seagrass meadows (Ruitton et al. 2005) . 90
The fish Sarpa salpa (L.) is one of the main macroherbivores in the western 91 Mediterranean, and is commonly observed in shallow seagrass meadows and rocky bottoms 92 (Verlaque 1990 ) feeding on a wide range of macroalgae and seagrasses (Havelange et al. 93 1997) . This species has been reported to account for 70 % of the total leaf consumption of P. 94 oceanica (Prado et al. 2007 ) and is known to ingest large quantities of Caulerpa species such 95 as C. prolifera (Marco-Méndez et al. 2015) and C. cylindracea, providing at least some 96 resistance to invasion of native assemblages (Tomas et al. 2011b). In general, studies point to 97 higher feeding activity of S. salpa in summer to accumulate reserves for the winter period, 98 when fish eat less and adults prepare for reproduction (Peirano et al. 2001 ). However, S. salpa 99 herbivory pressure seems to vary greatly over space and time (Prado et al. 2007 
Given that several factors could be involved in the complex seagrass-herbivore 114 interactions, studies require combined experimental approaches and dietary analyses 115 integrating temporal variability in resource acquisition. Among methods used to quantify 116 dietary contributions, stomach content analysis is the most accurate, although it applies to 117 very short time periods and requires extensive sampling (Legagneux et al. 2007 based on the premise that consumers' tissues will resemble the long-term isotopic 121 composition of the diet (Fry & Sherr 1984 , Minagawa & Wada 1984 . 122
The aims of this study were to compare the importance of S. salpa herbivory on 123
Caulerpa species vs. seagrasses in a mixed meadow, and to elucidate if this consumption 124 could eventually control the spread of invasive species. With these aims we investigated 125 summer and autumn abundances and consumption rates of S. salpa on P. oceanica, C. 126 nodosa, C. prolifera and C. cylindracea, as well as their potential relationship with temporal 127 changes in the abundances of those macrophytes in a western Mediterranean mixed meadow. 128 In addition, we investigated whether S. salpa feeding preferences, epiphytes presence and 129 nutrient content in macrophytes could explain herbivory pattern observed in the field. To this 130 M A N U S C R I P T The main aims of this study were to compare the importance of S. salpa herbivory on 155
A C C E P T E D
Caulerpa species vs. seagrasses in a mixed meadow, to identify mediating factors influencing 156 herbivory and to elucidate if this consumption could eventually control the spread of invasive 157 species. To achieve these goals, we investigated S. salpa abundances and consumption rates 158 on P. oceanica, C. nodosa, C. prolifera and C. cylindracea and their potential relationship 159 with temporal changes in those macrophytes abundances in a western Mediterranean mixed 160 meadow. The study was carried out in two randomly selected locations (A and B) 2-3 km M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 8 response to temperature, nutrients and light conditions (Alcoverro et al. 1997b ) and the 164 feeding activity of S. salpa to be more intense in order to accumulate reserves for the winter 165 period (Peirano et al. 2001 ). In autumn (September-October), both macrophytes biomasses 166 (Alcoverro et al. 1997b ) and S. salpa feeding activity are expected to decrease before reaching 167 their minimum in winter, when fish eat less and adults prepare for reproduction (Peirano et al. 168 2001) . The feeding activity of S. salpa was also recorded through visual observations. In this 198 case, scuba divers recorded a total of 18 schools of fish feeding at each time and study 199 location (each ca. 7 min in duration). On each occasion, we followed a school of fish and 200 recorded the number of individuals within the school, their average size, and if they were 201 swimming or feeding, in which case the food items consumed were recorded. The percentage 202 of individuals swimming or feeding on the different items was estimated relative to the total 203 of individuals observed. leaves possibly respond to natural differences between shoots collected. We considered that 268 the most important changes in the epiphytic community occurring during four days would be 269 in terms of biomass, which is also related with epiphytic coverage, so using control leaves for 270 weight correction would resolve this issue. Despite we did not analyzed the epiphytic 271 community before and after the experiments, we think that giving the short duration of the 272 experiments, changes in the community composition in terms of taxa composition would 273 possibly be small. 274
275

Gut contents, stable isotope analyses and nutrient contents 276
A total of 26 individuals of S. salpa (average length: 23.12 ± 0.62 cm) were 277 haphazardly collected within the area for a dietary study. Since individuals were caught at two 278 different moments, we studied them separately (n = 13 individuals per group or school). We 279 used all individuals for gut content analyses and 10 individuals (n = 5 from each school) for 280 nutrient content and stable isotope analyses (SIA). In the laboratory, fish muscle was isolated 281 for SIA and nutrient content analysis. Gut contents were extracted and food items separated 282 under the microscope (eg., P. oceanica leaves, C. prolifera, C. cylindracea and epiphytic 283 macroalgae). Each fraction was dried to constant weight at 60º C. 284
Samples of Caulerpa and seagrass species were haphazardly collected from the study 285 area for SIA and nutrient content analyses. These samples included: C. prolifera, C. 
where R sample is the 13 C/ 12 C or 15 N/ 14 N ratio in the sample; R standard is the 13 C/ 12 C or 297 15 N/ 14 N ratio for the reference material (i.e. CaCO 3 from belemnite (PBD) for δ 13 C and 298 atmospheric nitrogen for δ 15 N measurements), calibrated against an internal standard (i.e. 299 atropine, IAEA and/or UGS). 300 301
Epiphytic community 302
The epiphytic community of both P. oceanica and C. nodosa was investigated in 303 shoots (n = 10) collected at the two study times (summer and autumn 2012). For each shoot 304 the oldest leaf was selected as representative of the epiphyte community during the entire life 305 span of the shoot (Prado et al. 2008a ). Epiphytic cover (%) on the leaf surface was estimated 306 visually, and then organisms were scraped off gently for identification to genus level under 307 the microscope. Finally, epiphytes were dried to a constant weight at 60º C for biomass 308 determination (mg DW·cm -2 ) 309 310
Data analyses 311
The significance of differences in the cover of each macrophyte species (percentage of M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 14 and "Location" (random factor with two levels) was investigated using the PERMANOVA+ 314 β20 software package (Anderson and Gorley, 2007). 315 Differences in consumption rates by S. salpa among macrophyte species, times (T1: 316 summer; T2: autumn) and locations (A and B) were investigated with a three-way ANOVA 317 design with two fixed factors ("Macrophyte" and "Time") and a random orthogonal factor 318 ("Location"). The factor "Macrophyte" had four levels (C. prolifera, C. cylindracea, C. 319 nodosa, P. oceanica). Factors "Time" and "Location" both had two levels in all analyses. 320
Differences in the abundances of S. salpa during the study were analyzed with a two-321 way ANOVA with "Time" and "Location" as fixed and random factors, respectively. 322
A two-way ANOVA was also used to analyze differences in the number of epiphyte 323 taxa, cover and biomass between P. oceanica and C. nodosa leaves during the two times of 324 study. Factors "Macrophytes" and "Time" were both fixed and had two levels. 325
Differences in isotopic signatures (δ 15 N and δ 13 C) and nutrient content (C: N molar 326 ratio) among food resources were tested through a one-way ANOVA with 8 levels (C. the isotopic values of the consumer and trophic resources (measured in this study) and the 340 overall fractionation rates (Mean ± SE). Since no significant differences were found between 341 epiphytes of C. nodosa and epiphytes of P. oceanic and this prevents the detection of 342 differences by the model (Phillips & Gregg 2003) , δ 15 N and δ 13 C values were averaged to run 343 the model. We also used averaged δ 15 N and δ 13 C values for C. cylindracea and for C. Halopteris scoparia). 381 382
Herbivore densities and feeding observations 383
There was a significant "Time x Location" interaction in the abundance of S. salpa. 384
The highest abundances reported during the study were those recorded in summer and 385 location A (0.56 ± 0.15 ind·m -2 ) (Two way ANOVA; p < 0.01; Fig. 2A ). There were significant differences for the interaction "Macrophyte x Time" (Fig. 2C ; 396 Table 1 ). Consumption rates of C. nodosa were only significantly higher than the 397 consumption recorded for the other macrophyte species in summer. In addition, consumption 398 rates of C. nodosa in summer were also significantly higher than in autumn (0.51 ± 0.13 % of 399 wet plant biomass per day). Despite SNK analyses did not detect further significant 400 differences between the rest of macrophyte species or times, consumption of C. prolifera 401 tended to be higher in summer; P. oceanica displayed low but consistent consumption rates, 402 and C. cylindracea showed no herbivory ( Fig. 2C ; Table 1) Fig. 3B ). Regarding P. oceanica,a significant higher consumption of C. prolifera was 416 recorded vs. P. oceanica non-epiphytized (NE) (Fig. 3C ) but no consumption of C. 417 cylindracea or P. oceanica (NE) was detected (Fig. 3D) . In presence of epiphytes, no 418 significant differences were found either in the consumption of C. nodosa (E) vs. C. prolifera 419 or in that of C. nodosa vs. C. cylindracea (Fig. 3E, F) . Similarly, no significant differences 420 were found either in the consumption of P. oceanica epiphytized (E) vs. C. prolifera or in P. 421 oceanica (E) vs. C. cylindracea (Fig. 3G, H) . Finally, the consumption of C. prolifera was 422 significantly higher than C. cylindracea (Fig. 3I) . The highest consumption rates for C. 423 prolifera were observed vs. C. nodosa non-epiphytized (2.58 ± 0.91 mg WW·d -1 ), followed 424 by those observed vs. C. cylindracea and P. oceanica non-epiphytized (1.07± 0.49 mg WW· 425 d -1 ; 0.34± 0.17 mg WW· d -1 respectively). 426 427
Gut contents 428
Gut contents of S. salpa individuals from school 1 comprised epiphytes (6.7 %), P. 429 oceanica (39.7 %) and C. prolifera (53.5 %), while school 2 samples showed a diet of P. 430 oceanica (0.5 %), C. prolifera (31.8 %) and C. cylindracea (67.7 %). 431 n-MDS ordination of the gut items showed different groupings between individuals 432 from schools 1 and 2. ANOSIM results confirmed that gut contents of these two schools were 433 significantly different (Global R: 0.48; p = 0.001). The average similarity among school 1 gut 434 contents was 42.87% and school 2 was 59.85 %. The average dissimilarity between the two
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way ANOVA, p < 0.001; Fig. 4A ; Table 2 ). The highest δ 15 N values were recorded for C. 441 prolifera and C. cylindracea (7.25 ± 0.27 ‰ and 7.59 ± 0.07 ‰ respectively) and the lowest 442 for P. oceanica epiphytized and non-epiphytized (4.49 ± 0.07 ‰ and 4.36 ± 0.09 ‰ 443 respectively). For δ 13 C, the highest values were recorded for C. nodosa non-epiphytized (-444 9.58 ± 0.01 ‰) and the lowest for C. cylindracea (-16.67 ± 0.11 ‰), and the epiphytes from 445 P. oceanica and C. nodosa leaves (-17.06 ± 0.17 ‰; -15.93 ± 0.23 ‰ respectively). 446
Regarding consumers, significant differences were found in the δ 15 N values between the two 447 S. salpa schools (t = 5.004; df = 7.527; p = 0.001) and these values (school 1: 12.85 ± 0.46 448 ‰; school 2: 9.95 ± 0.35 ‰) were closer to C. cylindracea and C. prolifera values. In 449 contrast, no significant differences were found for δ 13 C signals between the two schools (t = 450 2.620; df = 7.824; p = 0.31) and values (school 1: -16.23 ± 0.42 ‰; school 2: -17.90 ± 0.35 451 ‰) lay much closer to C. cylindracea, C. prolifera and epiphytes (including both 452 'macroalgae' and metazoans), than to seagrass values ( Fig. 4A ; Table 2 ). 453
Results from the IsoSource model indicated that, in the long term, the diet of both 454 schools of S. salpa consisted of Caulerpa spp, epiphytes and seagrasses (school 1, P. Table 2 ). 464
For S. salpa, no differences were found in the C:N molar ratios between the two schools (3.47 465 ± 0.01 for both; t = -0.188; df = 7.957; p = 0.855). 466 467
Epiphytic community 468
Significant differences were found in the epiphytic biomass due to the interaction 469 "Macrophyte x Time" (Two way ANOVA; Table 3 ). C. nodosa supported the highest 470 epiphytic biomass in autumn (6.233 ± 0.284 mg DW·cm -2 ; Table 3 ) but no differences were 471 detected between the epiphytic biomass of C. nodosa in summer and the recorded in P. 472 oceanica leaves, which epiphytic biomass was similar between the two seasons (two-way 473 ANOVA; Table 3 ). We found significant differences in leaf epiphytic cover with respect to 474 "Macrophyte" and "Time" (two-way ANOVA; Table 3 ). During the study, the recorded 475 values were consistently higher for C. nodosa vs. P. oceanica leaves and in autumn vs. 476 summer (Table 3) . Concerning the number of epiphytic taxa, significant differences were 477 found for the interaction "Macrophytes x Time" (two-way ANOVA, p < 0.01; Table 3 ). The 478 highest number of epiphytic taxa was found on C. nodosa leaves at both times of study and 479 the lowest was recorded on P. oceanica leaves in autumn. This study points to seagrass Cymodocea nodosa and green alga Caulerpa prolifera as 497 the "most consumed" and the "most preferred" food species, respectively, by the 498 Mediterranean fish Sarpa salpa. In summer, C. nodosa recorded the highest consumption 499 rates in the mixed meadow, which seems to be related to higher fish abundances. C. prolifera 500 was the most prefered macrophytes in food choice experiments but different nutritional 501 content and epiphyte presence likely explains why the preference of S. salpa for C. prolifera 502 was not sustained vs. epiphytized leaves and therefore did not deflect herbivory pressure on 503 the most epiphytized and nutritious seagrass C. nodosa, the "most consumed" macrophyte in 504 the mixed meadow. Our results highlight the possible mediating role of epiphytes and nutrient 505 contents in S. salpa selectivity. However, results also show the high variability in S. salpa diet 506 and herbivory pattern as a consequence of the multiple factors potentially involved. 507
Tethering experiments showed that C. nodosa was the most consumed macrophyte, 508 recording in summer consumption rates significantly higher than the reported for the other 509 macrophytes species during the whole study. Despite analyses did not detect further 510 significant differences among the rest of the species, the consumption of C. prolifera in 511 summer tended to be higher than in autumn (̴ 2.5 times), while consumption of P. oceanica 512 was consistently low and no consumption of C. cylindracea was detected during the study. 513
Our results evidence that herbivory on C. nodosa can even exceed some previous estimates on 514 P. oceanica (ca. 2 times higher in our study than in Prado et al. 2007 ). The high variability 515
observed during the study concurs with the high temporal and spatial variability in the 516 features could also be involved. Even though some experiments showed no preferences for C. 560 cylindracea vs. seagrasses (epiphytized or non-epiphytized leaves), the strong preference for 561 C. prolifera and the lack of consumption detected by tethers suggest that S. salpa may prefer 562 feeding on native species. In fact, a large number of studies have evidenced that preferences 563 and feeding rates of marine herbivores may respond to a combination of high nitrogen and 564 protein content, enhanced epibiotic loads, or with low amounts of chemical and structural 565 components (Cebrián & Duarte 1998 , Mariani & Alcoverro, 1999 , Verges et al. 2007 ). 566
In our study, differences in C:N ratios among Caulerpa species, seagrass species and 567 epiphytes are likely to have influenced the observed patterns of herbivory and selectivity.
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A C C E P T E D ACCEPTED MANUSCRIPT 25 are consistent with S. salpa's preference for C. prolifera vs. C. cylindracea. On the other, the 571 preference for C. prolifera vs. seagrasses, which was dissipated in the presence of epiphytes 572 suggest that epiphytes and macroalgae sustain a comparatively higher herbivore pressure than 573 seagrass leaves (Duarte & Cebrián 1994), due to their typically lower C:N ratios (Duarte 574 1992). In fact, C:N ratios values were ca. 2 times higher in non-epiphytized leaves of both 575 seagrasses than in C. prolifera. These nutritional differences were slightly reduced when 576 seagrasses were epiphytized. Together with the significantly lower C:N ratios and higher 577 nutritional content of epiphytes compared to C. prolifera (% N was ca. 3 times higher and % 578 C ca. 4 times higher), such differences could explain why preference for C. prolifera vs. 579 seagrasses is dissipated in the presence of epiphytes and also the higher herbivory on C. 580 nodosa recorded in the mixed meadow (i.e. tethering results). It also confirms that epiphytes 581 and their higher nutritional value (e.g. Alcoverro et al. 1997a Alcoverro et al. , 2000 can mediate herbivore 582 Variability in epiphyte composition has also been reported to influence herbivore 587 consumption and preferences (Marco-Méndez et al. 2012 , 2015 . In the present study, the 588 epiphytic community structure revealed important differences between seagrass species and 589 times. Such differences were probably influenced by differences in light shading (Carruthers 590 1994), and the effects of shoot morphology and leaf age on the surface area and timing of 591 epiphytic colonization (Lavery & Vanderklift 2002) . C. nodosa leaves were found to support 592 the highest epiphytic biomass, cover and taxa during the study, which may account for the 593 undergoing of more intense grazing rates than in P oceanica. prolifera (which was the preferred Caulerpa species in this study), chemical deterrence was 606 unlikely to be a factor determining the patterns of S. salpa herbivory observed in the mixed 607 meadow. From such evidence, it seems that the more intense herbivory on C. nodosa and the 608 selectivity for C. prolifera must have been mostly influenced by differences in nutritional 609 content rather than in chemical compounds, which seem not to inhibit S. salpa herbivory. 610
Although this could theoretically also trigger higher selectivity for C. cylindracea vs. 611 seagrasses, our results evidence that S. salpa prefers feeding on native species. 612
During the whole study period, feeding observations revealed that although S. salpa 613 individuals were feeding on a mix of species, feeding activity on mixed patches of C. cylindracea and mixed patches of C. nodosa-C. prolifera were consistently present 620 throughout the study without temporal variation in the mixed meadow, different availability 621 could not explain gut content analyses. We hypothesize that spatial variability may be 622 involved and that S. salpa mobility across other sites with lower abundance of C. nodosa, or 623 higher abundance of C. cylindracea within its home range (ca. 4.3 ha according to Jadot et al. 624 2002 Jadot et al. 624 , 2006 , could account for the absence or enhanced presence of these species within gut 625 contents, also explaining the dietary differences between the two schools. IsoSource mixing 626 model results showed that both seagrasses as well as In conclusion, our study highlights the importance of C. nodosa and C. prolifera in the 634 diet of S. salpa, and also that herbivory in Mediterranean meadows can be highly variable and 635 mediated by multiple factors. In summer, when densities of S. salpa are higher, C. nodosa 636 was the "most consumed" macrophyte, likely influenced by the higher nutritional quality of 637 its leaves and epiphytes, as well as by differences in the epiphytic community composition 638 observed, the fact that it was found within stomach contents suggests that they may eventually 646 adapt to feeding on this new resource. Our results may suggest that S. salpa selectivity for C. 647 nodosa and C. prolifera could eventually influence their abundances in the mixed meadows. 648
However, macrophyte-herbivore interactions are complex and final consumption rates and 649 dietary differences are not only determined by food preferences, but also by home-range 650 mobility, as well as by temporal and spatial differences in the availability of food resources. 651
This study confirm the need to carry out a multiple methodological approach for a better 652 understanding of herbivory patterns on heterogeneous habitats subjected to seasonal variation. Table 1 . Three-way ANOVA showing differences in macrophyte consumption by S. salpa (mg WW ·d -1 ) between macrophyte species (CP; CC; 905 CE; PE), times (T1: Summer; T2: Autumn) and locations (A; B). Labels: C. prolifera (CP); C. cylindracea (CC); C. nodosa (CE) and P. 906 oceanica (PE). Significant differences are indicated: * p < 0.05, ** p < 0.01, *** p < 0.001, NS: not significant, NT: no transformation was 907 carried out. In SNK, significant differences between investigated groups are indicated. 908 Table 2 . Differences in δ 15 N and δ 13 C signatures and nutrient contents (C:N ratios) among food items: C. cylindracea (CC); C. prolifera (CP);
Source of variation Consumption (mg WW·d
C. nodosa epiphytized (CE); C. nodosa non-epiphytized (CNE); P. oceanica epiphytized (PE); P. oceanica non-epiphytized (PNE) and epiphytes of C. nodosa (EC) and P. oceanica (EP). Significant differences are indicated: * p < 0.05, ** p < 0.01, *** p < 0.001, NS: not significant, NT: no transformation was carried out. In SNK, significant differences between investigated groups are indicated. Table 3 . Differences in biomass (mg DW· cm -2 ), coverage (%) and number of taxa (taxa·cm -2 ) between epiphytes of two macrophyte species, C. nodosa (EC) and P. oceanica (EC) and times (T1: Summer; T2: Autumn). Significant differences are indicated: * p < 0.05, ** p < 0.01, *** p < 0.001, NS: not significant, NT: no transformation was carried out. In SNK, significant differences between investigated groups are indicated. 
